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OPTICAL PHOTOMETRY OF V4334 Sgr
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Abstract. The optical photometric evolution of the final helium flash object V4334
Sgr from 1994 to 2000 is described. The rise to optical maximum (1994 – 1996) is
characterized by a continuous increase of color indices, indicating a slowly expanding,
cooling pseudo-photosphere. This photosphere became stationary in 1997. In the
following years, the object underwent brightness declines of increasing strength,
which are similar in character to the “red declines” of R CrB stars. The fading
of V4334 Sgr is more dramatic than any brightness decline of an R CrB star: at
present, only 1/100000 of the visual light reaches the observer. Most radiation is
absorbed by the dust envelope and re-radiated in the infrared. The sparse optical
data of 2000 show that the obscuration has not increased in strength any more. The
light curve of V4334 Sgr is similar to that of the final helium flash object V605 Aql
which erupted in 1919.
Keywords: Stars: individual: V4334 Sgr (Sakurai’s object) – post-AGB evolution
– final He flash objects – photometry
1. Introduction
From the observer’s standpoint, objects undergoing a final helium flash
are rare events. Each year, a handful of classical novae are discovered,
whose eruptions are triggered when the hydrogen-rich material accreted
onto a C-O or Ne-Mg white dwarf from a close companion star reaches
a critical mass. Such an event may repeat with a timescale of several
thousand years. In contrast, a final helium-flash candidate accretes
helium from the outer hydrogen-burning shell, and builds up a critical
helium mass above its degenerate C-O core. It can happen that the last
helium flash occurs when the star is still in its giant phase. Thus the
event remains unnoticed by an outside observer, and no critical amount
of He is accreted during the subsequent evolution of the object along
the track of central stars of planetary nebulae towards the white dwarf
region.
Iben, Tutukov and Yungelson (1996) have estimated that approxi-
mately 15% of intermediate mass stars experience an observable final
helium flash. In spite of the fact that nova eruptions occur on very
special close binary stars, the repetivity of the nova event overwhelms
the singular event of a final helium flash that occurs on many ordinary
stars on their way from the AGB to the white dwarf stage.
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Figure 1. A direct image of V4334 Sgr, taken through a narrow-band Hα filter with
the 0.91m Dutch telescope at ESO La Silla on 1999 March 26 by C. Sterken. The
exposure time was 1000 sec. The size of the field is about 1′×1′. North is to the top,
east to the left. The planetary nebula is clearly seen; the central object, at about
R = 17.7, is flanked by a northern and a southern component with R ∼ 20m.
A catalog of 277 galactic novae and related stars contains one ob-
ject that was identified as a final helium flash (V605 Aql, alias Nova
Aql 1919); the nature of a second object (CK Vul = Nova Vul 1670)
remains unclear, and maybe a few more final helium-flash objects may
hide among the faint, poorly observed novae. In any case, from the
standpoint of the observer, final helium flashes are about 100 times as
rare as thermonuclear hydrogen runaways.
It came as a pleasant surprise when on February 20, 1996, Yukio
Sakurai discovered “Sakurai’s object”, which was first announced as
a novalike object. It soon turned out to be such a rare final helium
flash (Fig. 1). The discovery of Sakurai’s object = V4334 Sgr permited
for the first time to follow the evolution of a final helium flash object
with modern equipment, especially in the optical and IR range. The
belated discovery (the object already had been bright during all of 1995)
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precluded early color and spectroscopic observations. A UV spectrum
taken soon after discovery during the last weeks of IUE (Gonzalez-
Riestra, private communication) is unfortunately too noisy to reveal
any unusual features.
2. The pre-helium-flash object and the early rise
Since the field of V4334 Sgr has a photometric magnitude scale down to
21m, interesting conclusions can be drawn from Schmidt plates taken
for various sky survey. On 1976 May 30, the object appears at 21.m0
on a UKSTU J-plate, and it is fainter than 21.m5 on the 1984 July
26 ESO-Schmidt R-Plate. Three subsequent R plates taken with the
UKSTU in July 1986, September 1989 and July 1991 show a feature
which may be interpreted as a star (or a blend of stars) near R = 20.m7.
Thus we can exclude any strong photometric variability at minimum,
and can limit the onset of the helium flash to a time after mid-1991.
Four film exposures taken by Takemizawa (1997) show V4334 Sgr at
or belowmpg = 15.5 in April – September 1994, another one of October
22, 1994 below mpg = 15.0. The first exposure of 1995, on February
10, shows it at mpg = 12.4. The object was slowly rising in brightness
during the subsequent weeks and months: by October 25, it had reached
mpg = 15.5, but it was only discovered after its conjunction with the
Sun, on February 20, 1996 (Fig. 2).
3. V4334 Sgr at optical maximum – standstill, fluctuations
and reddening
The actual discovery of V4334 Sgr in early 1996 was followed by a close
monitoring during the following years. We focus here on the UBVRi
observations carried out with the 0.91m Dutch telescope (1996 – 1999)
and the 1.54m Danish telescope at ESO La Silla (1999 – 2000), and the
V observations with Liller’s 0.2m f/1.5 Schmidt telescope at Ren˜aca
(1996 – 1998). Other series of optical photometry were carried out by
Guinan et al. (1998) and Arkhipova et al. (1999).
The 1995 – 1996 visual light curve can be interpreted as produced
by an object which radiates at almost constant bolometric luminosity.
This model assumes an instantaneous ‘switching on’ of the nuclear
energy source. The energy is partly used to lift the degeneracy and make
the outer layers expand, and is partly radiated away at the pseudo-
photosphere whose position is determined by the actual mass loss rate
(“thick wind model”, see, e.g. Bath and Harkness 1989). The rise of
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Figure 2. The V light curve of V4334 Sgr, 1995-1999. The data of 1994 – 1995
are the photographic prediscovery observations of Takemizawa, converted to visual
magnitudes. Other observations were obtained with the 0.91m Dutch and the 0.2m
Ren˜aca telescopes. A few observations by Jacoby & De Marco are also included.
the visual light curve may just be the shift of the radiation maximum
of the source from the ultraviolet to the optical window (a similar
phenomenon is observed in the pre-maximum light curve of classical
novae, where the photospheric expansion is, however, more rapid by a
factor ∼ 1000).
In 1996, the light curve was still dominated by a cooling of the
photosphere, yielding a continuing fading at short and a brightening at
long wavelengths (Fig. 3). Assuming a distance of 8 kpc, Duerbeck et
al. (1997) derived an expansion of the pseudo-photosphere of ∼ 1 km/s.
This expansion slightly accelerates with time. Its extrapolation back to
“zero radius” leads to a time of outburst around 1994 September 24.
But even if the above model is not used, and it is assumed that the
visual light curve of V4334 Sgr mimicks the total luminosity evolution,
i.e. a “slow” turn-on of the energy generation, the rise from minimum
to maximum light must have taken only 2 to at most 5 years (the last
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Figure 3. Multicolor light curve of V4334 Sgr. Only the U (circles), V (triangles)
and i (squares) light curves are shown for clarity. The cooling in 1996, the standstill
in 1997, and the onset of dust formation in 1998 are clearly seen.
value being extremely unlikely), according to the available pre-outburst
record. This is much faster than in any of the calculated models (Iben
et al. 1983, Iben and MacDonald 1995).
In 1997, the expansion had nearly come to a halt, yielding almost
constant color indices. Superimposed on the general brightness evo-
lution were quasiperiodic fluctuations of increasing cycle length and
amplitude. It seems that several pulsation modes with periods between
63 and 8 days were excited. Models that show this type of pulsation
werre developed by A. Gautschy and are described by Duerbeck et al.
(1997). The pulsations have larger amplitudes at shorter wavelengths,
e.g. for J.D.mod. 50 161 – 169, the fluctuation at (U −B)/(B−V ) ∼ 1
(See Duerbeck et al. 1997). Note that “red declines” of R CrB and
V854 Cen have (U −B)/(B−V ) slopes of 1.0 and 0.6, thus supporting
Kimeswenger’s (2001) conjecture that these fluctuations were already
caused by miniature dust events. Compared to R CrB declines, the
time scales of these mini-declines are very short, and their gradients
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are small (∆V/∆t ∼ 0.02 mag/day.) Thus it appears more likely that
V4334 Sgr at maximum exhibits pulsations which are similar to those
found in R CrB stars at maximum light.
We assume that at this “maximum” phase of 1997, V4334 Sgr was
not yet surrounded by noticeable amounts of circumstellar dust. The IR
excess observed in 1996 – 1997 corresponds to blackbody temperatures
of 3500→2000 K, and may be caused (1) at earlier times by free-free
radiation, and (2) at later times by carbon nucleation in shocks that
occur in the extended shell whick lie soutside the pseudo-photosphere.
The observed Balmer decrement of the surrounding planetary neb-
ula (Kerber et al. 2000), the comparison of colors of V4334 Sgr with
synthetic colors of hydrogen-deficient stellar atmospheres, and the in-
terstellar reddening of field stars in the vicinity of V4334 Sgr leads to
the assumption that the the interstellar reddening is EB−V = 0.8 (see
also Duerbeck et al. 2000).
4. The onset of dust formation
1998 was dominated by dust events of increasing strength. When first
observed in early 1998 after its conjunction with the Sun, the object was
already one magnitude fainter than 80 days before. A weak recovery
was followed by another weak depression, and afterwards a third very
strong depression set in. After that, observations became sparse (since
the object had sunk below the limiting magnitude of Liller’s telescope);
a few weak recoveries from fainter stages are indicated, but the general
trend was a decrease to V ∼ 22m in mid-1999. The photometric record
for 2000 is sparse, and hampered by the fact that (a) the object is very
faint in V , and (b) the magnitude scales at these levels are not yet
well calibrated. Observations in February, April and July 2000 show
the object fluctuating, but not any more declining at a magnitude of
i = 20.8±0.25. The color indices were V −R = 0.5 and V − i = 3.4; the
blueing of the color indices, already noted in July 1999, seems to have
continued, especially in V −R. A thorough discussion will be postponed
until more accurate photometry is available.
5. The massive dust shell phase and the quest for the
luminosity
The evolution of V4334 Sgr in various color-color and brightness-color
diagrams (Fig. 4) is similar to the “red declines” that occur in R CrB
variables, i.e. a general reddening of color indices described by a star
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Figure 4. The V vs. (B − V ) diagram of V4334 Sgr. The (B − V ) values are
dereddened for EB−V = 0.8. It shows the cooling of 1996 at almost constant V
magnitude, the “standstill” of the color index in 1997, and the early decline of 1998.
Two measurements are available for the deep decline in 1998 (arrows). Subsequently,
the brightness recovered in late 1998 – early 1999, before fading to magnitudes below
V = 20. Since no B observations are available for late 1999 and 2000, the subsequent
evolution is unknown. The declines of 1998 and 1999 are similar to the red declines
found in R CrB stars.
which is completely obscured by a dust cloud. Duerbeck et al. (2000)
have compared the fading of V4334 Sgr with that of the R CrB variable
V854 Cen, and find that they are quite similar. There are, however,
two major differences: While the deepest decline observed in an R CrB
variable was 8m, V4334 Sgr has experienced a decline (in V ) of 13
magnitudes, and appears to have stabilized (in 2000) at a very faint
magnitude, with no indication for a quick recovery.
It is generally accepted that the dimming of V4334 Sgr is caused by
dust. The most convincing evidence is that the flux integrated over all
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Figure 5. Temporal evolution of the luminosity of V4334 Sgr and the diameter of
its radiating dust shell. The circles connected by solid lines give the total irradiance
shortward of 4.5 µm, the circles connected with long dashes give the total irradiance
up to 14.9 µm (ISO data). The squares connected by the dot-dashed line show the
diameter of the shell in milliarcseconds (after Duerbeck et al. 2000).
optical and infrared wavelengths has remained fairly constant (Fig. 5;
see also Duerbeck et al. 2000). Another evidence results from the analy-
ses of spectra taken in 1997 April and 1998 August (Pavlenko, Yakovina
and Duerbeck 2000; Pavlenko and Duerbeck 2000). While the first
observation took place at maximum light, the second observation was
made when the brightness had declined by ∆V ∼ 1.8m. The modelling
of the spectral features yields a surface temperature for August 1998
that is only ∼ 250 K below the temperature Teff = 5500 K determined
for the 1997 April spectrum. The observed energy distribution, how-
ever, indicates that the reddening had increased by ∆E(B − V ) = 0.6
above the interstellar value, which here was assumed to be 0.7 and
was found to be consistent with the spectral energy distribution of the
previous year. Thus, (1) there is indeed circumstellar extinction from
1998 onward, and (2) the pseudo-photospheric temperature of V4334
Sgr did not undergo major changes between 1997 and 1998.
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After the massive dust formation phase of 1998 – 1999, optical ob-
servations reveal only the “tip of the iceberg”. While a pronounced IR
excess had already evolved in 1997 – 1998, the overwhelming percentage
of the radiation in 1999 – 2000 is emitted at wavelengths in the mid-
IR. Fig. 5 shows the integrated irradiance integrated over the optical
and IR, as well as the angular diameter of the IR emitting region
as a function of time. Between early 1996 and early 1998, the total
luminosity increased by a factor 4. The following decline is caused by
the fact that most of the radiation is radiated longward of 4.5 µm, and
was not taken into account because of lack of data. The rapid growth of
the angular diameter at the beginning of 1998 is especially remarkable;
it shows that at that time dust was forming effectively and ubiquitously
in the extended shell.
Irradiances and angular diameters will finally be converted into
luminosities and linear diameters. Since the problem of the distance
of V4334 Sgr is not yet settled (see the other contributions to this
workshop), I will refrain from deriving numbers that may be obsolete
soon.
6. Comparison with other final-helium-flash objects and
lessons for the future
Until a few years ago, only one final helium flash object, FG Sge, was
both well-studied and fairly well understood. Its evolution is very slow.
V4334 Sgr evolves at a much faster pace, and has already overtaken
FG Sge in its evolutionary stage (unless we are observing different
parts of the final helium flash evolution, see Lawlor and MacDonald
2000). Its photometric and spectroscopic evolution is similar to that of
V605 Aql, the final helium flash object of 1919 (Duerbeck et al. 2000,
see also Duerbeck et al. 2001). V4334 Sgr, however, appears to evolve
50% faster. It is important to follow the evolution of FG Sge, V4334
Sgr and V605 Aql, in order to learn more about the characteristics of
final helium flash objects and their connection with other late stages
of stellar evolution, like the R CrB stars, the PG1159 stars, and the
non-DA white dwarfs.
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